Abstract. Matrix metalloproteinase-2 (MMP-2)-735C/T and MMP-9-1562C/T polymorphisms have been indicated in the predisposition to endometriosis. However, due to the small sample sizes of previous studies, the results remain inconclusive. The present meta-analysis was conducted to detect the association between the two genetic polymorphisms and the risk of endometriosis by pooling all the available data. Electronic databases, including PubMed, Embase, Web of Science and CNKI, were searched comprehensively for studies examining a link between MMP-2 and MMP-9 polymorphisms and endometriosis. The strength of the association was assessed based on the pooled odds ratio with a 95% confidence interval, which was calculated using either the fixed-or random-effect model. Following the inclusion criteria, 6 case-control studies were included. The total number of participants was 2,486 (558 cases and 797 controls concerning the MMP-9-1562C/T polymorphism, and 525 cases and 606 controls concerning the MMP-2-735C/T polymorphism). No significant association was identified between the MMP-2-735C/T or MMP-9-1562C/T polymorphism and endometriosis. In further stratified analysis, no significant association was identified between the MMP-9-1562C/T polymorphism and endometriosis. The present meta-analysis revealed no association between the MMP-2-735C/T and MMP-9-1562C/T polymorphisms and the risk of developing endometriosis. Considering the limitations of the meta-analysis, well-designed studies with larger sample sizes are required.
Introduction
Endometriosis, a common estrogen-dependent gynecological disorder affecting 5-10% of women of reproductive age, is characterized by an ectopic growth of endometrial tissue at various sites outside the uterus, including the ovaries, rectouterine pouch, pelvic peritoneum and uterosacral ligaments (1) (2) (3) . Endometriosis is associated with a range of symptoms, including chronic pelvic pain, dysmenorrhea and infertility, all of which can have a strong adverse effect on the physical and mental health of the patient (4) . While endometriosis is assumed to be a benign disease from a histological standpoint, it bears a certain resemblance to malignant tumors due to the characteristic of infiltration (5) . While the development of endometriosis has been shown to be a complex process involving interactions between genetic and environmental factors (6) , the etiology and pathology of endometriosis remain poorly understood.
Matrix metalloproteinases (MMPs), a family of zinc atom-dependent endopeptidases, can be divided into three groups based on substrate preference: Collagenases (MMP-1, MMP-8 and MMP-13), gelatinases (MMP-2 and MMP-9) and stromelysins (MMP-3, MMP-10 and MMP-11) (7) . MMPs play an essential role in regulating the extracellular matrix (ECM) turnover and homeostasis by degrading ECM proteins (8) . Aberrant MMP expression has been indicated in tumor invasion and metastasis. A positive correlation was reported between MMP expression and the process of tumor invasion (9) . Furthermore, MMPs were shown to be involved in ECM reconstruction at local endometrial implantation sites and were also shown to facilitate ectopic focus infiltration and invasion (10) . Increasing evidence supports the existence of a genetic component in the development of endometriosis and suggests that disease pathogenesis is multifactorial and polygenic (11) . Additionally, previous studies revealed that MMP-2 and MMP-9 genes have also been linked to endometriosis (12) (13) (14) .
The MMP-9 gene is located on chromosome 20q12-13 and encodes an enzyme that participates in the degradation of collagen type IV and gelatin, which are the main components of the basement membrane; a study by Collette et al (15) showed that increased proteolysis and a concomitant increase in the levels of this enzyme were associated with the development of endometriosis. A study by Chung et al (16) indicated that MMP-9 played a crucial part in the implantation and invasion of ectopic endometrial tissue. The expression of MMP-9 was significantly higher in ectopic endometrial tissues compared to eutopic endometrial tissues (17) . Furthermore, MMP-9 promotes angiogenesis, which is considered to be a key process in the development of endometriosis (18) . Several coding single-nucleotide polymorphisms (SNPs) of MMP-9 have been identified, including MMP-9-1562C/T SNP (19) . In addition, a recent study demonstrated that the transcriptional activity of the -1562T allele was higher than the -1562C allele (20) . Thus, the polymorphism possibly changes the protein structure of MMP-9, which may raise the risk of endometriosis of an individual subsequently. Collectively, the evidence from several studies suggests that polymorphisms in MMP-9-1562C/T may contribute to the development and progression of endometriosis.
The MMP-2 gene is located on chromosome 16q13-2 and encodes an enzyme that promotes the reconstruction of the ECM by targeting gelatin and collagens type IV, V, VII and X. In support of a role for MMP-2 in endometriosis, patients with endometriosis showed increased MMP-2 expression, while the levels of tissue inhibitors of metalloproteinase-2 (an inhibitor of MMP-2) mRNA were lower (21) . In agreement with this, a study by Ria et al (18) also showed an increase in the MMP-2 mRNA levels in endometriosis, particularly in patients with advanced disease. Additionally, the MMP-2 levels in the peritoneal fluid were also higher in endometriosis patients compared to the control subjects (22) . Saare et al (12) demonstrated that the MMP-2-735C/T (4297C>T) genotype was associated with the risk of endometriosis in Caucasian populations. However, a study by Kang et al (23) did not detect any association in Northern Chinese populations. Thus, the association between the MMP-2 genetic polymorphisms and endometriosis remains elusive.
Due to the small sample size in the previous studies, conclusions were drawn with a lack of statistical power. Therefore, a meta-analysis was conducted to detect the association between the two genetic polymorphisms and the risk of endometriosis by pooling all the available data, to maximize the power to detect the association and identify the potential effective markers for predicting the predisposition to endometriosis.
Materials and methods
Search strategy. A systematic literature search was carried out using multiple electronic databases, including PubMed, Embase, Web of Science and CNKI, before July 1, 2014. The following combined key terms were used: 'MMP-2', 'matrix metalloproteinase-2', 'MMP-9', 'matrix metalloproteinase-9', 'genetic polymorphisms', 'polymorphism' or 'variant' in combination with 'endometriosis'. The studies identified were confined to those involving human subjects and the language was limited to English and Chinese. When data from one research group was published in more than one study, the study with the largest sample size was selected. Two independent investigators (Q.X.H. and Q.X.) manually screened the reference lists of reviews and retrieved studies to identify additional potential studies.
Inclusion and exclusion criteria. The inclusion criteria were as follows: i) Original studies; ii) studies that evaluated the association between the MMP-2 or MMP-9 genetic polymorphisms and endometriosis; iii) case-control study; iv) studies published in English or Chinese; and v) cases were diagnosed pathologically. Studies were excluded for the following reasons: i) Review studies, meta-analysis, letters or comments; ii) duplicate studies; iii) studies without control populations; iv) studies without raw data or based on incomplete data; v) studies deviated from the Hardy-Weinberg equilibrium (HWE); and vi) studies on animal experiments. Additionally, when the data required for quantitative synthesis was unavailable, the authors were contacted to obtain the necessary information through email.
Data extraction. For the eligible studies, two investigators extracted the necessary information using a normative form. The information included: Authors' names, year of publication, country or region where the research was conducted, source of controls, number of cases and controls, mean age, genotype method, allele frequency, stage of endometriosis and diagnostic criteria. Discrepancies were solved by discussing with a third investigator (X.P.D.) until reaching a consensus when necessary.
Statistical analysis. The association between MMP-9 and MMP-2 genetic polymorphisms and the risk of endometriosis for each study was assessed by the calculating odds ratio (OR) and 95% confidence interval (95% CI). Four models were examined: Dominant (CC+CT vs. TT), homozygote (CC vs. TT), recessive (CC vs. CT+TT) and allele (C vs. T). Inter-study heterogeneity and variations were evaluated by the Q statistic test and I 2 test (24) . The I 2 test indicates that the study variability owed to heterogeneity instead of chance and the range is 0-100% (I 2 <25%, no heterogeneity; I 2 =25-50%; moderate; I 2 =50-75%, large; I 2 >75%, extreme) (25). P>0.1 or I 2 <50% indicated that there was homogeneity among studies and the fixed-effect model was used (26) . Otherwise, the random-effect model was used (27) . Potential publication bias was detected using Egger's regression test (28) . P<0.05 was considered to indicate a statistically significant difference regarding publication bias. All the statistical tests were two-tailed. The HWE for each study was examined by χ 2 test. All the analyses were performed with Comprehensive Meta-Analysis v2 software package (Biostat, Inc., Englewood, NJ, USA).
Results

Characteristics of studies included in the meta-analysis.
Following the searching strategy, 70 relevant studies were initially recruited. According to the inclusion criteria, 46 full-text studies were assessed for eligibility. Subsequent to reading the full text, 15 studies were excluded and 19 that were not relevant to either MMP-2 or MMP-9 were also excluded, 5 were excluded for duplicate data and 1 was excluded for focusing on other gene polymorphisms of MMP-9 [rs17576 (R279Q) and rs2250889 (P574R)] (29). Finally, 6 studies (12, 13, 23, (30) (31) were included, of which 3 were conducted on MMP-9 genetic polymorphisms, 2 were conducted on MMP-2 genetic polymorphisms and 1 was conducted on MMP-9 and MMP-2 genetic polymorphisms. A total of 558 cases and 797 controls studying the MMP-9-1562C/T polymorphism and 525 cases and 606 controls studying the MMP-2-735C/T polymorphism were included. Of the 6 studies, 5 were conducted in Asian populations (4 in China and 1 in Korea) and 1 was conducted in Caucasian populations (Estonia). The flow chart detailing the study selection is shown in Fig. 1 . The basic characteristics of the eligible studies are shown in Tables I and II. Table I . Detailed information of the MMP-9-1562C/T polymorphism studies. (Fig. 3) .
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Meta-analyses for the MMP-2-735C/T polymorphism and risk of endometriosis.
Considering the limited data available on the MMP-2-735C/T polymorphism, only the homozygote model was analyzed. Similar to the MMP-9 polymorphism results, the analysis did not reveal a significant association between the MMP-2-735C/T polymorphism and the risk of endometriosis (homozygote model: OR, 1.173; 95% CI, 0.741-1.858; P=0.496). (Fig. 4) Heterogeneity analyses. There was no significant heterogeneity among the studies that examined the association between the MMP-9-1562C/T polymorphism and the risk of endometriosis, in any of the genetic models (dominant: I 2 =37.762%, P=0.185; homozygote: I 2 =42.683%, P=0.155; recessive: I 2 =46.72%, P=0.131; and allele: I 2 =60.36%, P=0.056). Subsequently, the 
Discussion
Endometriosis is one of the most common diseases affecting women of reproductive age. Thus far, the pathogenesis of this disease remains poorly understood. Endometriosis is considered a benign disease that nonetheless has the property of tissue invasion, which is a typical characteristic of malignant tumors. The tissue invasion process involves three important steps: Cell attachment to the ECM, proteolysis in the ECM and migration of cells (32) . Increasing evidences suggests that the members of the MMP family are involved in the formation of the proteolytic defect in the basement membrane, a process that is vital for invasion of ectopic endometrial cells (8) . However, owing to the small sample size, no clear conclusions can be drawn regarding the roles of MMP-2 and MMP-9 genetic polymorphisms in the pathogenesis of endometriosis. To elucidate the association, the present meta-analysis was performed.
In the meta-analysis, no significant association was identified between the MMP-9-1562C/T polymorphism and endometriosis. Stratified analysis suggested that there was no association in Asian populations either. This finding is consistent with that from a previous study by Kang et al (23) . This result may be explained by the fact that endometriosis is a complex process arising from interactions between environmental and genetic factors, and involves certain biological pathways and various genetic polymorphisms. Therefore, the risk factor of endometriosis may not be able to act independently, but interact with each other closely to produce the disease. Furthermore, different linkage disequilibrium patterns exist in associated genes and the effects of polymorphisms may be obscured by certain unidentified genes (33) . Therefore, these conclusions should be taken with caution.
The present study could also not detect an association between the MMP-2-735C/T polymorphism and endometriosis risk. A previous study suggested that the presence of the MMP-2-735C/T allele may increase the risk of endometriosis, as increased MMP-2 transcriptional and enzymatic activities contribute to the invasion and implantation of endometrial tissues at ectopic sites (12) . The findings of the study are thus inconsistent with those of previous studies. Other MMP-2 genetic polymorphisms should also be considered as they may be involved in disease pathogenesis, while the present study only focused on the MMP-2-735C/T polymorphism. Finally, due to the limited available data, the association was only analyzed under the homozygote model. Thus, more data is required to elucidate the association between the MMP-2-735C/T polymorphism and endometriosis.
In interpreting the results of the meta-analysis, certain other limitations require to be acknowledged. First, although no publication bias was determined using the Egger's regression test, selection bias may still exist, since the languages were limited to English and Chinese, and studies reporting negative results may have been more difficult to publish than those with positive results. Second, the source of controls was not defined uniformly, as they were composed of a healthy population or hospital-based population. Third, it is more reasonable to perform stratified analyses, as a variety of factors, including age, geographic distribution and stage of endometriosis, may contribute certain confounding bias; however, insufficient data were available to conduct stratified analyses. Finally, certain potential elements may influence the analysis.
In conclusion, the present meta-analysis indicated that the MMP-9-1562C/T and MMP-2-735C/T polymorphisms may not be associated with the risk of endometriosis. Considering the limitations of the meta-analysis, well-designed studies with large-sample sizes are required prior to drawing any firm conclusions.
